We describe the vegetation of Kwerba, in the foothills of the Foja Mountains in the Mamberamo Basin of West Papua, Indonesia. Few surveys have been carried out in this remote area of Western New Guinea. Working in collaboration with local people we made 15 plots, 10 in primary forest, 3 in secondary forest and 2 in gardens. A total of 487 morpho-species were distinguished, of which 32 % (156) did not match any herbarium specimens or published reference. Tree densities (598 ± 136/ha) are similar to lowland forests elsewhere, but mean stem sizes (22 ± 1 cm dbh and 21 ± 2 m height for trees over 10 cm dbh) appear small. Numbers of tree species per plot (22 ± 4, of 40 stems recorded) are unremarkable, but levels of endemism are potentially high with many of the unidentified species being rare (seldom collected) or undescribed. This is the first quantitative description of vegetation in Kwerba, Foja and Mamberamo, and joins only a handful of such studies in Papua. Additional botanical and ecological survey effort is greatly needed in Mamberamo, and in New Guinea generally.
INTRODUCTION
New Guinea comprises the greater part of the floristic region called 'Papuasia'; a centre for floristic diversity (Marshall & Beehler 2007) . Papua, formerly 'Irian Jaya', is the western, Indonesian, part of New Guinea island. Papua harbours the largest tract of old growth tropical forest wilderness in Asia Pacific region (Beehler 2007) . The province contains a vast array of habitats. Limited access for foreign researchers, especially in recent decades, has resulted in Papua's flora being largely unknown (Polak 2000) though experts estimate that 14 000 to 25 000 plant species occur in New Guinea as a whole (Womersley 1978 , Davis et al. 1995 , Supriatna et al. 1999 , Frodin 2001 , Roos et al. 2004 ) and that around 40 -50 % are likely endemic (Roos et al. 2004 ). Here we describe the vegetation of Kwerba in the foothills of the Foja Mountains, Mamberamo, Papua -an area where botanical information is required to guide conservation (Supriatna et al. 1999 ).
Until recently, Papua's forests had largely escaped the destruction seen in Indonesia's western provinces. This is changing. Between 1993 and 1997, Papua's forest cover decreased from c. 90 (Biodiversity Action Plan for Indonesia, Ministry of National Development Planning 1993) to c. 80 % (Supriatna et al. 1999) . Transmigration, plantation agriculture, mining, oil and gas exploitation, dams and various other infrastructure projects now threaten Papua's forests. Most of these developments concern areas lacking any biological assessment, so the environmental and conservation implications remain uncertain. To confront this ongoing problem, those responsible for conserving Papua's natural resources need more information and the capacity to use it.
In 1999 a group of experts evaluating regional conservation priorities stated that the Mamberamo Basin is "Papua's most important terrestrial biodiversity resource" (Supriatna et al. 1999) . They recommended both biological and social surveys in the area. Within this area the Foja Mountains had already been highlighted as an area of considerable biological significance (Diamond 1982 (Diamond , 1985 . The study we report here is the result of a pilot training project -a collaboration between Conservation International (CI), the Indonesian Institute of Sciences (LIPI) and the Center for International Forestry Research (CIFOR) -that set out to rapidly assess and describe local patterns of vegetation in conjunction with local people and local post graduate students (CIFOR 2004) .
Context
The Foja Mountains (sometimes called the 'Gauttier Mountains' in older references) recently gained international recognition with the widely publicised discovery of several new, or long-lost, species of animals and plants (Anonymous 2006a , b, Cyranoski 2006 ). The Foja are shared between the traditional territories of Kwerba and Papasena villages. Here we describe a survey on the mountain footslopes around Kwerba. A key result of our work was the trust established with local communities, who are often suspicious of outsiders (and with good reason). This ultimately ensured CI and LIPI the required local permission to undertake their well publicised work in the sacred mountains (Sheil & Boissière 2006 ).
The history of biological exploration in Papua is summarised in the Ecology of Papua (Marshall & Beehler et al. 2007 ). Here we briefly consider studies near the Foja Mountains. Past studies in the area are few (see Richards & Suryadi 2002) . In 1920, Kremer explored nearby Dabra village and adjacent mountains and generated a brief botanical account. The 1938 Archbold Expedition was probably the most significant scientific exploration of the Mamberamo Basin and resulted in several publications (see Archbold et al. 1942) (Diamond 1982 (Diamond , 1985 . CI performed a rapid survey in the lowlands in 2000, again close to Dabra (Richards & Suryadi 2002) . Next came our survey (in Kwerba as detailed here, and in Papasena, both in 2004) , and then the LIPI-CI Foja surveys in 2005 and 2007. The study we detail here is, as far as we know, the first quantitative description of vegetation in the region.
METHODS

Description of the research site
The Mamberamo Basin encompasses 7.8 million ha covering much of northwest New Guinea. Altitude ranges from nearly sea level to 2 193 m in the Foja Mountains and 5 030 m on Mt Jayawijaya. These mountains, like those in the rest of Papua, are geologically young, originating in the middle to late Miocene (c. 10 million years ago) (Morley 2000) . The Foja massif, encompassing ~300 000 ha, is an isolated linear range (west-northwest to east-southeast) with several summits above 2 000 m ). The Foja region remains tectonically active. Much of the flatter lowlands are alluvial plains subjected to seasonal flooding. Climate records are not available, due to an absence of weather stations, but most of the area supports a wet rain forest climate (Richards & Suryadi 2002) . Regional population densities in the Mamberamo Basin are less than one person per km 2 . The Foja uplands have never supported intensive cultivation comparable with that seen in the central highlands of New Guinea (e.g. Humphreys & Brookfield 1991) .
Kwerba lies on the foothills of the Foja Mountains, just below the confluence of the Tariku and the Taritatu rivers, from where the river is called Mamberamo (see Fig. 1 ). Maps are limited. There are no roads and communication between villages is on foot, by boat or by light plane. Participatory mapping suggests Kwerba's territory covers between 1 000 and 2 000 km 2 and a population density of around 0.3-0.5 people per km 2 (Boissière et al. 2007 ).
Sampling methods
A full description of our approach and methods is given by Sheil et al (2003c) . The field survey was part of a larger study to assess biodiversity and its importance to local people, a multidisciplinary approach previously developed with communities in Kalimantan (Indonesian Borneo) (Sheil et al. 2003c . First we built a shared understanding of landscape classification and terminology through a variety of activities including participatory mapping of land types and resources on an accurate basemap of major rivers. Community members guided us through their main terms for different land types. Representative sites were then visited for field evaluation. We allocated most sampling efforts within the natural forests, as we believed these would be the most variable and species rich, but we also sought comparison with secondary and cultivated land as these are of clear significance to the people. Walking distance from the village was limited to 2-3 hours. In one case (F4), a boat trip down the river allowed for sampling further away from the village, and reaching the lakeside forest F6 took 4 hours.
Having arrived at the general area to be sampled, a random list of numbers would determine the starting point and direction of a 40 meter transect line along which all recordings were taken. For each transect standard descriptions of terrain included location, GPS readings, accessibility, slope position, steepness and aspect, altitude, surrounding land types and nearest water features. A soil profile was excavated in the middle of each transect, in addition two holes were augured at 10 m and 30 m along the transect. Profile horizons were described in terms of depth, colour, texture, structure, consistency and pH while moisture regime, matrix node, pores, and roots were also assessed (all soil descriptions followed Suwardi & Wiranegara 1998) . Composite soil samples were taken from 0 -20 cm and 21-40 cm for laboratory analysis.
The transect was divided into 10 subunits of 4 by 5 meter to record 'non trees'; herbs, ferns, climbers (over 1.5 m long), epiphytes below 2 m high and all monocots were identified and recorded as present or absent in each of the 10 subunits. Seedlings, saplings and shrubs were only recorded subjectively as 'the three most dominant species per plot'. A reference collection, including fertile material when possible, was made for verification and identification in the Bogor Herbarium. Our botanical nomenclature follows Brummitt (1992) and the names used in Bogor were checked and updated through the online International Plant Names Index (http://www.ipni.org, last accessed 31 December 2008).
A variable area sample unit, suitable for rapid assessments in heterogeneous forests (Sheil et al. 2003a ) was used to record trees. In 8 subunits on both sides of 10 m sections along the 40 m transect, the 5 nearest trees (of > 10 cm dbh at 1.3 m) were recorded; thus species, height and girth of a maximum of 40 trees would be assessed for each sample site, which allows calculations of density and basal area. In addition, the furcation index of each tree was recorded (F-index, a rapid visual estimate of the % of plant height from the top down, where apical dominance is no longer a property of a single clearly defined stem and is recorded on a scale of 0 to 110 %) (Gillison & Carpenter 1997) . Tree richness was summarized using Fisher's Alpha (Fisher et al. 1943 ) and a simpler index 'Log [number of species]/log [number of stems]' (a measure recommended for small samples) (Sheil et al. 1999) , to allow comparison with other studies.
Our small plot sizes and limited replication mean that our account, though quantitative, should be considered provisional and descriptive. We do not believe more sophisticated analyses are useful without further replicates or larger samples.
RESULTS
Observations on terrain and soils
The terrain around Kwerba is rugged, with steep deeply incised landforms rising above more level riverside swamps. The area is geologically young and dynamic, and landslides are common. We observed (through drilling of soil cores and examining outcrops) that sandstone and siltstone dominate the visible bedrock in the region. The hills show many occur- rences of harder (probably igneous) rock. Soils are generally coarse and sandy, acidic, with limited cation exchange capacity (average ECEC for cultivated plots is 17.7 me/100 mg and for forest plots 14.0 me/100 mg), low organic carbon (2.4 % and 1.7 %, respectively) and low phosphorus (average P 2 O 5 of 8.5 and 23.2 ppm, respectively) and potassium (average K 2 O of 83.2 and 110.1 ppm, respectively). Soil drainage was generally impeded. Inceptisols and Entisols dominate amongst the plots (with 10 and 3 plots each), while the two other soil types (with one plot each) are a Histosol and Ultisol.
Observations on cultivation
Of the three formerly cultivated plots two were abandoned more than 20 years ago and one 6 years ago. The two cultivated plots were a sago garden and a mixed fruit garden, both on Entisols. Cultivation in the rugged terrain around Kwerba includes planted sago palms (Metroxylon sagu Rottb.), fruit trees like papaya (Carica papaya L.), star fruit (Averrhoa carambola L.), banana (Musa spp.), water apple (Syzygium aqueum Alston) and annual crops like sweet potato (Ipomoea batatas (L.) Lam.), cassava (Manihot utilissima Pohl) and taro (Xanthosoma spp.). Areas for planting are selected for ease of access, and for soil suitability.
In general this shifting cultivation involves little clearing and fire is not always used, unlike swidden cultivation in other tropical regions which is considered synonymous with 'slash-and-burn' (e.g. Mertz 2002 ). Sago, the main staple, is generally restricted to wet sites in the alluvial plains and localised valleys.
The plots
Locations and site descriptions for the 15 plots (local name, geographic coordinates, altitude, terrain, soil, vegetation type and human influence) are provided in Appendix A and Fig. 2 shows their distribution around Kwerba. For summary purposes, we group plots into three types: primary forest (F1 to F10), former cultivation (C1 to C3) and current cultivation (C4 and C5). The primary forests were never cleared for cultivation, nor did large scale tree felling occur, but cut stems were noted in most plots. One primary forest plot on the side of a lake (plot F6), considered sacred, is totally undisturbed.
Quantitative vegetation description
Average basal area of the ten primary forest plots is about 50 % higher than that of former cultivated ones, and so are maximum tree diameter and average height. Of the three formerly cultivated plots, the more recently abandoned has a much higher stem density than the two older plots, but stems are thinner and shorter on average (see Table 1 and Appendix B). of the trees measured in each plot is only slightly higher in primary forest than in (formerly) cultivated, though more large trees occur in the former.
Plot level tree species richness is 50 % higher in primary forest than in formerly cultivated plots and 3 times that in cultivated sites, though the Log Nr species/Log Nr of stems suggests that, when corrected for stem counts, the primary forest is only fractionally richer. Average numbers of non-tree species are not consistently different per plot between forest and formerly cultivated plots.
Botanical overview
In total, 487 different morpho-species were distinguished in the 15 plots. These belong to 284 identified genera in 98 different families. A third of these morpho-species remains unidentified: 132 are unidentified at species level, 23 at genus level and one at family level. The failure to match these taxa with herbarium material in Bogor, Java, suggests that most are absent from the herbarium. Some are likely to be undescribed species. The palms, Arecaceae, are especially diverse, with 38 morphospecies in 20 genera, though identification has proven difficult with eight unidentified genera and thirteen unidentified species. Orchidaceae follow, mostly represented by epiphytes.
Trees
In order to detect any systematic patterns in the forest types, we summarized the three most abundant tree species encountered in each variable area plot (see Appendix C). We then selected all such species which occurred in at least three plots, and developed a matrix of their basal area scores for each of the 15 plots, see 
Non-trees
Records of the number of non-tree species in each plot are presented in Table 3 , in order of overall species richness per lifeform.
The total number of non-tree species per plot ranges from 31 to 90. Species richness is particularly high for climbers (non-woody as well as woody lianas) and the Araceae family is dominant (Rhaphidophora spp., Pothos versteegii and Scindapsus hederaceus, followed by Convolvulaceae (Merremia peltata, Erycibe nitidula), Flagellariaceae (a single species, Flagellaria indica), Piperaceae (Piper spp.), Vitaceae (Cayratia spp., Tetrastigma spp., Cissus spp.), and several genera of Menispermaceae.
In Table 4 , the most frequently recorded species (trees as well as non-trees) are listed.
Less common understorey taxa in primary forest include the gingers Riedelia spp., Etlingera sp., Costus speciosus Sm. (Zingiberaceae), the nettle Elatostema sp. (Urticaceae), Mapania sp. (Cyperaceae), Schismatoglottis calyptrata (Araceae) and a range of pteridophyte genera including Hymenophyllum, Selaginella, Blechnum, Lindsaea and Pneumatopteris.
DISCUSSION
Local people
Our rapid surveys were conducted with support from local communities. Local people made the surveys more effective, as they guided us to distinctive forests and helped us understand why these forests are important to them (for a discussion of these issues, see Sheil & Lawrence 2004 ). We note the high level of knowledge the local people showed in virtually all aspects of the forest, including plants and plant use. We also emphasise that while people used the forest in many ways, the cultivated and modified areas are very localised, and even gardens have the structural appearance of forests (Sheil et al. 2003b , Boissiere et al. 2005 ).
Soil
The soils appear typical of West Papua where fertility is generally low (Subagjo et al. 2000) . We recognise some variation in soil characteristics related to location and parent material. More work is needed to clarify if there is any relationship with vegetation beyond the trivial observation that swamp vegetation (and sago cultivation), is limited to the flat lowlands and poorly drained sites in the foothills where Entisols predominate.
Identification
Identification of plants proved challenging. Those undertaking botanical research in areas that are both extremely rich in species, and poorly known, should of course anticipate difficulties in obtaining definitive species identifications -but it is hard to imagine a region which is as little explored botanically as the area around Kwerba. Given biogeographical considerations for this relatively isolated massif (see Supriatna et al. 1999) , it seems plausible, that the Foja Mountains possess a localized flora with many locally restricted endemic taxa, as seems to be the case with fauna (Diamond 1982 , 1985 ). Thus we should not be surprised to encounter various novel forms in these surveys or in those that have followed (Anonymous 2006a , b, Beehler et al. 2007 ). In addition, even for more widespread taxa, the limited number of previous collections in the region means that we should expect to have difficulties identifying species that may have only seldom been recorded previously and thus remain poorly characterised. Clearly much more work is needed to describe and clarify the biogeographical nature of these plant communities.
The Herbarium Bogoriense houses Indonesia's largest botanical collection, including those for Papua. One set of almost all collections made in Indonesia is kept in Bogor. 132 of our specimens could not be matched with any held at the Bogor Herbarium, this implies that they have not previously been collected in Indonesia. Some of our unnamed taxa may be new species. We can at least be sure that most are poorly known and seldom collected.
Flora
Common to other floristic overviews of the region, we find that while many species are endemic to New Guinea most of the families are widespread and possess an Asian affinity (Dipterocarpaceae, Araceae) with any distinctive 'eastern' or 'southern' elements (e.g. Sapindaceae, Myrtaceae, Myristicaceae, Flagellariaceae) being relatively minor (e.g. Roos et al. 2004) . The low level of endemism at higher taxonomic levels is likely a result of the relatively young geological age of the New Guinea Islands (Morley 2000) . Within the Foja and other mountains in the region diversification is likely an ongoing progress on these mountains, with endemics being young rather than old. More work is required to clarify the biogeographical history of the flora in this geologically dynamic region.
Comparisons
We sought other quantitative vegetation studies in Papua, and, finding few, in New Guinea more generally (see Table 5 ). We found only three published studies: Paijmans (1970) , Wright et al. (1997) and Polak (2000) , of which only the most recent is in Papua.
Paijmans (1970) made a comparison of four plots: two on moderately steep slopes in an area 160 km northeast of Port Moresby, PNG, and two on a gently sloping plateau (0.8 ha each). He found that tree density was higher, average dbh smaller but BA higher in the former plots. Paijmans recorded trees over > 12 inch girth, or 9.8 cm dbh, only slightly smaller than the 10 cm dbh used in our study. Species overlap between plots was minimal (55 % of species recorded occurred only once or twice, So how does the Kwerba forest compare to others in the region?
The composition and structure of Kwerba's forests are similar to Paijmans' forests of foothills and mountains below 1 000 m (Paijmans 1976) and 'lowland rain forest' as described in Womersley (1978) . Tree density (600 per ha) is typical for New Guinea, but at the high end of the range for lowland rainforest in Malesia including Kalimantan, Sumatra or Sulawesi (Kartawinata 1990 ). Basal area is typical for tropical forests (25 -40 m 2 ). Kwerba's tree species richness is also unremarkable compared to other regions in New Guinea, though we cannot be certain what is the effect of small plots and local and regional variation -subjects requiring further evaluation. Both the Central Range of PNG and Bird's Head seem to have richer tree floras than Kwerba (Wright et al. 1997 , Polak 2000 , although commentators seem to agree that such high tree species richness is uncommon in New Guinea (Paijmans 1970 , Wright et al. 1997 , Oatham & Beehler 1998 ).
Typical canopy tree sizes (dbh and height) in Kwerba and elsewhere in New Guinea are often smaller than the forests further west (Paijmans 1976 , Womersley 1978 ). We do not know why Papua's forests are short when compared with equatorial rainforests in other regions of the world including Sunda. As one reviewer suggests, it could reflect species composition, as many of the dominant tree families in Papua also have relatively small stature when they occur in Sunda Shelf forests. In our observations, though, we find that Dipterocarpaceae, the dominant canopy family in most Sunda Shelf forests are also common around Kwerba, but fail to reach the sizes seen in Borneo's hill forests. Even if the difference does reflect taxonomic factors it still begs the question as to why taller trees, and indeed taller taxa, are not favoured. The evolution of tree and forest stature is a topic with a rich theoretical base (see Iwasa et al. 1985 , Niklas 1995 , Thomas 1996 , De Gouvenain & Silander 2003 , Falster & Westoby 2003 and explanations could reflect soils, drought, or indeed the prevalence of disturbance -we do not know. The fact that Papua's flora is especially rich in pioneer species suggests that disturbance processes play a larger role in these forests than in some other tropical regions -perhaps due to both the geological and climatic instability of the region (Whitmore 1998) . Support for such proposals would include regional evidence of high climatic variability and fire frequency during the middle to late Holocene -an El Niño related phenomenon that likely influenced modern vegetation patterns (Haberle et al. 2001 ).
CONCLUSIONS
Our study provides a first look at a previously unexplored site of considerable biological importance. The results illustrate how much remains unknown about New Guinea's vegetation. Efforts must be increased to recognise the major patterns of endemism in this region so that conservation can be planned in advance of impending threats -otherwise we may lose species and never know what we have lost. We underline the value of working with local people in this undertaking. 
